This paper presents a new idea for the radial type transmission line with external reactive forcing impedance at only the receiving end. The general constants of such line are deduced. The effect of both capacitive and inductive forcing impedances on the steady-state performance of the proposed line are studied. The maximum received power for a 1000 km line with capacitive forcing impedance is formulated. The rating of the suggested k Ohm forcing capacitor for a 1000 km line is computed.
INTRODUCTION
In order to transmit AC electric power over a long distance, either series or shunt capacitive compensation is necessary. The power that can be transmitted on an uncompensated line decreases with increasing distance. 2 For simplicity, this power may be expressed as a multiple of surge impedance loading.
If a special line should operate satisfactorily in the steady state, the transient behavior would be questionable and, by rapid control of voltage, the transient characteristics could be greatly improved. One of the earliest proposals for long distance AC large power transmission was presented in 1921.3 The principal loss is in the resistance of the line conductors, while losses in the capacitive compensation are much lower and the active power losses may also be neglected.
PROBLEM FORMULATION
Previous results for studies on coaxial lines 4 were discouraging, as the value of maximum power limit over various lengths was very small. Results for 1000 to 1300 km radial lines 5 were very encouraging. However, the steady state characteristics at open and short circuit conditions were not good. Also, the voltage difference between the conductors of the same phase was very high, precluding the practicability of the radial lines.
In order to improve these open and short circuit characteristics, it is desirable to insert a parallel impedance between the conductors of the same phase at only the line receiving end; the conductors of the same phase must not be connected at the sending end. This means that the proposed line is the radial transmission line 5 but with external forcing impedance Z that will be connected between the conductors of the same phase at the receiving end as shown in Fig. 1 Also, all values of the constants are given in the appendix.
The calculated general constants Ao and Bo are given in Fig. 2 . The computed maximum received power for equal voltages at both sending and receiving ends of 220 kV, 1000 km line is shown in Fig. 3 Fig. 3 . For the capacitive forcing reactance of kohm, the power limit of a line is maximum. This optimal condition may occur because of the compensation of the series impedance of the main phase conductor, as reflected in the decrease of the line constant Bo. This constant means the series impedance of a line. 6 The present case may have occured due to the increase of voltage difference between each two phases (Aa, B-b, C-c). Subsequently, the mutual cuopling between each two phases will be higher. However after a certain point, the increase of reactive power must be continued and the line may reach the condition of overcompensation. In this case the power transfer from one phase conductor to the other must be increased substantially, and the current through the external forcing capacitor will be reduced. This means that the maximum received power at the end of the studied line will be decreased.
On the other hand, the above investigated problem may lead to the case of maximum power limit; as the value of the external capacitive reactance becomes high, the mutual coupling between each two subsequent phases appears. So, the power limit reaches that value as deduced for the case of radial lines.
When inductive reactance is added, the power decreases, becomes negative from 220 to 850 Ohms, and then becomes positive and approaches that value of the radial line. In this case, power transfer from the main conductor decreases, since the inductive reactance is increased. The mutual effect between the conductors increases, and so the power limit (which approaches the value of the radial line since the inductive reactance becomes considerably high), may be decreased.
It must be noted that the maximum received power with zero forcing impedance is less than that of an ordinary line of the same length.
EXTERNAL CAPACITOR
It is shown from Fig. 3 that the maximum received power occurs at k Ohm capacitive reactance. However, the practical possibility of this arrangement depends on the rating of this capacitor, which is required for the condition of the maximum transmitted power through the line. Therefore, it is necessary to determine the capacitor rating Sc per phase, which will be: Sc Iz (VA(1) Wa (1)) (4) The results of calculations show that the power limit for kohm capacitive forcing reactance is as high as 300 MW, and the capacitor rating is 715 MW per phase (where the voltage across it and current through it are 500 kV and 500 kA respectively). These values are very high and the practical possibility of the line still requires more investigation. The transferred power from one conductor of the proposed line to the other is 169 MW instead of 130 MW for the radial line [5] . The current throught the capacitor at even unity power factor is 440 A with the rating of 570 MVA.
The sending-end phase voltage of conductor a is 1.9 times the voltage Vg and the voltage difference between the conductors of the same phase at the receiving end is no better than the values for the radial line. Different spacings or distribution of the capacitance between the conductors of the same phase along the line might give better characteristics.
CONCLUSIONS
The power limit for the studied long transmission lines can be increased by installing an external capacitive impedance between both circuits at the receiving end of a line.
The connection of external forcing inductor between circuits of the suggested type of transmission lines give poor line performance, so that such connections must be removed.
The installed external forcing capacitance between circuits of the investigated lines modify the line characteristics.
The proposed capacitor should not be installed only at the receiving end but it should be distributed along the overall line length.
The maximum received power of a 1000 km line with an external capacitor of kohm is more realistic, leading to the practical possibility of the application of extra long transmission lines. 
